We investigate the decay ofB 0 →K * 0 R andB 0 s → φR with R being the X(4160), Y (3940), Z(3930) resonances. Under the assumption that these states are dynamically generated from the vector-vector interaction, as has been concluded from several theoretical studies, we use a reaction mechanism of quark production at the elementary level, followed by hadronization of one final qq pair into two vectors and posterior final state interaction of this pair of vector mesons to produce the resonances. With this procedure we are able to predict five ratios for these decays, which are closely linked to the dynamical nature of these states, and also predict the order of magnitude of the branching ratios which we find of the order of 10 −4 , well within the present measurable range. The measurement of these decays rates can help unravel the nature of these resonances.
I. INTRODUCTION
The XY Z resonances with masses in the region around 4000 MeV have stirred the hadron community with a series of states that challenge the common wisdom of mesons as made from qq. There has been intense experimental work done at the BABAR, BELLE, CLEO, BES and other collaborations, and many hopes are pinned in the role that the future FAIR facility with the PANDA collaboration and J-PARC will play in this field. There are early experimental reviews on the topic [1] [2] [3] [4] and more recent ones [5] [6] [7] [8] [9] . From the theoretical point of view there has also been an intensive activity trying to understand these intriguing states. There are quark model pictures [10, 11] and explicit tetraquark structures [12] . Molecular interpretations are given in refs. [13] [14] [15] [16] [17] [18] [19] [20] [21] . Much progress also has been done using the heavy quark spin symmetry (HQSS) [22, 23] . Predictions using QCD sum rules have also brought some light into the issue [24] [25] [26] . Strong decays of these resonances have been studied to learn about the nature of these states [27, 28] , while very often radiative decays are invoked as a tool to provide insight into this problem [29] [30] [31] [32] [33] , although there might be exceptions as discussed in ref. [34] . It has even been speculated that some states found near thresholds of two mesons could just be cusps, or threshold effects [35] . However, this speculation was challenged in ref. [36] which showed that the near threshold narrow structures cannot be simply explained by kinematical threshold cusps in the corresponding elastic channels but require the presence of S-matrix poles. Along this latter point one should also mention a recent work calling the attention to possible effects of singularities on the opposite side of the unitary cut that enhance the cusp structure for states with mass above a threshold [37] . Some theoretical reports on these issues can be found in refs. [38] [39] [40] .
On the other hand, and somewhat unexpected, recent experiments on the weak decays of B meson are proving to be a powerful source of information on hadron dynamics and the nature of hadronic states [41] [42] [43] [44] [45] [46] . One of the recent surprises was to see from these experiments a pronounced peak for the f 0 (980) in B 0 s decay into J/ψ and π + π − [41] while the signal for the f 0 (500) was found very small or non-existent. Simultaneously, in the analogous decay ofB 0 into J/ψ and π + π − [45] a signal was seen for the f 0 (500) production and only a very small fraction was observed for the f 0 (980) production. This is surprising since the f 0 (500) couples more strongly to π + π − than to the f 0 (980). Some attempt to explain this behaviour was offered in ref. [47] in terms of tetraquark structures for the scalar mesons. Furthermore, the f 0 (500) and f 0 (980) resonances are naturally explained as states dynamically generated from the meson-meson interaction in chiral unitary theory [48] [49] [50] [51] [52] [53] . From this perspective the features observed in these experiments and different ratios were well described in ref. [54] . The basic approach in ref. [54] was to identify the dominant mechanism of the decays at the quark level, implementing the hadronization of the finalpair into two mesons and allowing them to interact to generate the f 0 (500) and f 0 (980) resonances.
The picture of ref. [54] has been extended to describe many other B and D decays, with equal success in the description of observed features of the reactions. In ref. [55] ratios for the production of vector mesons in the final states were evaluated and predictions for thē B 0 s → J/ψκ(800) decay were made. In ref. [56] the D 0 decays into K 0 s and f 0 (500), f 0 (980), a 0 (980) were studied. A different sort of states, dynamically gener-ated from the vector-vector interaction were investigated in ref. [57] 
0 and K * 0 or κ(800) were studied. Similarly, the B 0 s decay into D s DK was studied with the aim of learning about KD scattering and the D * s0 (2317) resonance [59] . Related work to this latter one was done studying the semileptonic B s and B decays in ref. [60] .
Related problems of these weak decays have been addressed in refs. [61] [62] [63] [64] [65] [66] [67] from a very different point of view, evaluating microscopically the weak matrix elements and parametrizing parts of this interaction plus properties of the resonances produced, then carrying fits to data. The aims are also usually different, having in mind the construction of full amplitudes that can be used for issues like CP violation. On the contrary, the work of ref. [54] and the related ones make predictions for shapes and ratios that are tied to the final state interaction of mesons and, consequently, parameter free predictions can be made for these observables.
So far, in the study of these B decays the production of XY Z states has not yet been addressed and the aim of the present paper is to study reactions where these states can be produced, evaluating ratios for different decay modes and estimating the absolute rates. This should stimulate experimental work that can shed light on the nature of some of these controversial states.
II. FORMALISM
Following refs. [47, 54] , we plot in Fig. 1 the basic mechanism at the quark level forB the production of a J/ψ and the ss or sd were hadronized to produce two mesons which were allowed to interact to produce some resonant states. Here, we shall follow a different strategy and allow the cc to hadronize into two vector mesons, while the ss and sd will make the φ and K * 0 mesons respectively. Let us observe that, apart for the b → c transition, most favored for the decay, we have selected an s in the final state which makes the c → s transition Cabibbo allowed. This choice magnifies the decay rate, which should then be of the same order of magnitude as theB 0 s → J/ψf 0 (980), which also had the same diagram of the quark level prior to the hadronization of the ss to produce two mesons, in this case KK that couples later to the f 0 (980).
The next step consists in introducing a newstate with the quantum numbers of the vacuum,ūu +dd+ss+ cc, and see which combinations of mesons appear when added to cc. This is depicted in Fig. 2 . An easy way to see which vector mesons are produced in the hadronization of cc is to introduce thematrix
uū ud us uc dū dd ds dc sū sd ss sc cū cd cs cc
Note that this matrix corresponds to the SU(4) vector matrix
Now we see that [68] 
= M (ūu +dd +ss +cc).
Hence, we can write
Note that we have produced an I = 0 combination, as it should be coming from cc and the strong interaction hadronization, since we have the isospin doublet (
The J/ψJ/ψ component is energetically forbidden and hence we can write
Following the philosophy of ref. [54] we shall now let these vector mesons undergo interaction and we can connect with the work of ref. [69] , where using an extension of the local hidden gauge approach [70] [71] [72] [73] some XY Z states were dynamically generated. Concretely, in ref. [69] four resonances were found, that we summarise in Table I together with the channel to which the resonance couples most strongly, and the experimental state to which they were associated. In ref. [69] , another state
TABLE I: States found in ref. [69] , the channel to which they couple most strongly, and the experimental states to which they are associated (see also refs. [74, 75] ). YP is a predicted resonance.
with I = 1 was found, but this one cannot be produced with the hadronization of cc. Some of these resonances have also been claimed to be of D * D * or D * sD * s molecular nature in refs. [79] [80] [81] using for it the Weinberg compositeness condition [82] [83] [84] and in refs. [85] [86] [87] using QCD sum rules. Also using HQSS the same conclusions are reached in ref. [88] and with phenomenological potentials in ref. [89] . The final state interaction of the D * D * and D * sD * s proceeds diagrammatically as depicted in Fig. 3 . Starting from Eq. (6) the analytical expression for the formation of the resonance R is given by
), (7) where G MM ′ is the loop function of the two intermediate meson propagators and g MM ′ ,R is the coupling of the resonance to the M M ′ meson pair. The formalism forB 0 →K * 0 R runs parallel since the hadronization procedure is identical, coming from the cc, only the final state ofis theK * 0 rather than the φ. Hence, the matrix element is identical to the one ofB 0 s → φR, only the kinematics to different masses will change.
There is one last point to consider which is the angular momentum conservation. For J P R = 0 + , 2 + , we have the transition 0 − → J P 1 − . Parity is not conserved but the angular momentum is. By choosing the lowest orbital momentum L, we see that L = 0 for J P = 1 + and L = 1 for J P = 0 + , 2 + . However, the dynamics will be different for
, but in addition we can relateB 
which allows us to obtain the following ratios, where the different unknown constants V P , that summarize the production amplitude at tree level, cancel in the ratios:
and
are the Y (3940), Y P , Z(3930) and X(4160), respectively.
III. RESULTS
The couplings g MM ′ ,R and the loop functions G MM ′ in Eq. (7) are taken from ref. [69] , where the dimensional regularization was used to deal with the divergence of G MM ′ , fixing the regularization scale µ = 1000 MeV and the subtraction constant α = −2.07.
In Eqs. (9)- (10) we summarise the results that we obtain,
and R 5 = 1.02.
As we can see, all the ratios are of the order of unity, however, the simplicity of these results should not be confused with a triviality. The ratios close to unity for the φ or K * 0 production are linked to the fact that the resonances are dynamically generated from D * D * and D * sD * s , which are produced by the hadronization of the cc pair. The ratio for the J P = 2 + is even more subtle since it is linked to the particular couplings of these resonances to D * D * and D * sD * s , which are a consequence of the dynamics that generates these states.
As to the absolute rates, we can establish an analogy to theB 0 s → J/ψf 0 (980) decay, since the amplitudes of the quark level prior to hadronization are identical and both processes require hadronization of apair into resonances. Hence, we estimate the branching ratio for the production of these states of the order of 10 −4 [75] . Another estimate can be done starting fromB 0 s → J/ψφ, which has a branching ratio of 1.07 × 10 −3 and reducing this rate by one order of magnitude which is the reduction factor that is found for hadronization in ref. [55] . In both cases we find branching fractions of the order of 10 −4 , which are an order of magnitude bigger than many rates of the order of 10 −5 already catalogued in the PDG [75] .
IV. CONCLUSIONS
We have investigated the decays ofB 0 →K * 0 R and B 0 s → φR with R being the X(4160), Y (3940), Z(3930) and a predicted J = 1 resonances. These decays have not been yet investigated. We estimate them to have branching ratios of the order of 10 −4 . We used a model in which these states are dynamically generated from the vectorvector interaction, most notably the D * D * and D * sD * s
states. Within this model we could predict five ratios for the production of these states, where unknown dynamics of the production processes cancels in the ratios. The procedure used a mechanism in which we have quark production at the elementary level, followed by hadronization of one finalpair into two vectors and posterior final state interaction of this pair of vector mesons. This mechanism has been tested successfully in many other decays and given us confidence on the fairness of the predictions made. The experimental investigation of these decay modes, and comparison with the predictions made, would bring light into the nature of these resonances and we can only encourage the implementation of such experiments.
